Soils consist of various components that can influence significantly heavy metal control in the environment. Understanding the adsorption characteristic of soil is important in combating pollution problems around farming areas. This work explored the sorption characteristics and retention of Pb and Cd by soils from Isu Aniocha farming area in Anambra state, Nigeria. The influence of temperature, metal concentration, pH and time on the sequestration of Pb 2+ and Cd 2+ was evaluated by batch sorption technique. Physicochemical properties of the soil were determined by standard techniques. Isotherm evaluation was performed by the Langmuir, Tempkin and Freundlich models. Pb (II) ion showed higher adsorption characteristics on the soil than Cd (II) from the maximum uptake capacity obtained. The maximum adsorption values for Pb range from 38.46 to 47.62 mg/g, while that for Cd range from 30.30 to 41.46 mg/g. Kinetic evaluation was conducted by the application of the pseudo first order, pseudo second order and intraparticle diffusion rate equations. The best fit on metal removal on the soils was achieved with the pseudo-second order model. The results showed that soils from a farming area can be effective in decreasing heavy metals pollution, especially Pb and Cd ions from solution phase.
Introduction
Soil is a complex heterogeneous medium which consist of soil matrix for heavy metal accumulation due to its tendency to attract and bind various chemicals [1] . The chemicals exist in soils in various forms bounded to soil particles by different forces [2] . It is necessary to evaluate the interaction as chemical toxicity is strongly dependent on the form they occur in the environment. Also, environmental properties and the soil variability may change equilibrium found in soil resulting in leaching of soil bound toxic elements [3] . Heavy metals chemicals once introduced to one part of the environment by any means may spread to other components of the environment, depending on the natural systems nature of interaction. Heavy metals interact physically or chemically with the compounds present in the natural environment, thus changing the nature they occur in the environment. They may change their oxidation state when in contact with oxidizing or reducing agents. Also their solubility changes with variation in temperature and pH [4] . Agricultural soils uptake of heavy metals is of increasing concern as a result of potential health risk, food safety issues and the detrimental effects on soil ecosystems. Volcanic eruptions, anthropogenic activities, forest fires, marine aerosols and natural occurrences are the main sources of elements in soils [5] . Traffic emissions (tire wear particles, particles of brake lining wear, vehicle exhaust particles and particles of weathered street surfaces), weathering of pavement and building surfaces, domestic emissions and industrial emissions (auto repair shops, power plants, metallurgical industry, chemical plants, coal combustion etc) are the anthropogenic heavy metal sources in soils [6] .
Heavy metal contamination of agricultural soil usually leads to decrease in quality and crop output which affects through the food chain human health and also results in deterioration of water and air environmental quality [7] . Several works on the uptake of heavy metal by plants showed accumulated toxic levels harmful to human health [8] . Generally, there is a correlation between the heavy metal uptake by the plant and the soil contamination level [9] . Heavy metal level in the plant tends to increase with increasing soil contamination. However, since agricultural soils offer a possible sink for pollutants, there is a need to investigate how these pollutants are sorbed by soils and the fate of these pollutants in the environment, precisely plants, as this will aid in proffering solutions towards the remediation of soils polluted with heavy metals [10] . Usually, several metal ions are present at the same time in the soils, hence competitive adsorption and selective retention by the soil is essential to evaluate their mobility through the soils and the availability to plants [11] . In this study, cadmium and lead were considered because among various heavy metals, they are readily absorbed by plants and fairly mobile. Also, lead and cadmium ions are particularly of concern due to their toxicity even at low concentrations and can result in asthma, fertility issues, renal abnormalities, actute poisioning, cancer as well as liver, kidney and lungs infections [12] .
Literature report revealed that agricultural soil contamination with heavy metals in Awka, Nigeria is largely associated with the use of poorly treated or untreated waste water from solid wastes and water bodies [13] . Also, the application of organic and inorganic fertilizers and pesticides has posed as a major ecological challenge in this area [14] .
Heavy metals persistence in soils and mobility reduction involves some physicochemical processes such as dissolution, oxidation/reduction, complexation, precipitation, desorption and sorption. Although these phenomena usually take place simultaneously, sorption process is known to control significantly metal solubility and availability in soils. Adsorption phenomenon in soils influences the complexes in soil solution and metal ion concentration hence affects translocation of metal ions in plants [15] . Soils and clays have been reported by several researchers as potential adsorbents for heavy metals as well as other pollutants [16] [17] [18] [19] [20] [21] [22] .
However, since soil properties vary from one location to another due to the interaction with the environment, it is necessary to evaluate the adsorption behavior of soil from different locations for metals. A thorough literature search revealed paucity of information on the use of tropical soil from Awka Anambra Nigeria for heavy metal adsorption despite the risk of pollution of heavy metals in this area. The present study thus investigated the physicochemical parameters and the Cd and Pb adsorption capacities of classified soils in a farming area at Isu Aniocha town, Awka, Nigeria by assessing the operational variables for the adsorption process. The mechanistic kinetics and isotherm of the abstraction process were analyzed by suitable empirical models, which help to provide insight on baseline data for Pb (II) and Cd (II) uptake capacity by the tropical soils investigated.
Materials and Methods

Soil sample Collection and Preparation as Adsorbents
The tropical soil were obtained from Nodu, Ifite-isu, Ekeagba, Umudunu and Umuodu in Isu Aniocha town, Awka North, Anambra State, Nigeria with the aid of a stainless trowel at a depth of 0-15 cm (top soil) from sample sites in a quadrant. The soil was bulked and homogenized to form composite sample. The tropical soils were air dried for 72-96 h until the loss in mass of the soil samples were not greater than 5% per 24 h. The air dried samples were then crushed gently with a pestle and mortar and sieved through a 2 mm mesh size sieve and stored in closed glass sterile bottles.
Physicochemical Evaluation
Characterization of the adsorbents was carried out by quantitative spectroscopic analysis. The lead and cadmium concentration in the soil samples was evaluated by the atomic absorption spectrophotometer (AAS) after wet digestion of the samples using concentrated nitric and hydrochloric acid [23] . The Bouyoucos hydrometer method was used to determine the particle size distribution [24] . Organic carbon (OC) and organic matter were determined using wet oxidation method as described in literature [25] . Soil pH in water and KCl was determined potentiometrically by reported method [26] . Cation exchange capacity was determined using literature procedure [27] . Sodium and potassium was estimated colorimetrically using Flame photometer. Determination of Exchangeable Acidity (Al 3+ , H + ) was based on titration using 0.05 M of NaOH [26] whereas the determination of Exchangeable Bases (Ca 2+ and Mg 2+ ) was based on titration using 0.01 M EDTA [28] .
Preparation of Adsorbate Solutions
Analytical grade chemicals were used in the current study without further purification and obtained from Sigma-Aldrich. The adsorbate solutions of 1000 mg/L of Pb 2+ and Cd 2+ were prepared by dissolving an appropriate weight of Cd(NO 3 ) 2 and Pb(NO 3 ) 2 in distilled water in 1000 mL standard volumetric flasks. The solution was diluted several times to obtain solutions from 50 to 250 mg/L.
Adsorption Procedure
Batch sorption process was used to evaluate the influence of metal concentration, pH, and temperature and contact time on the sequestration of metal ions on the tropical soils. 0.10 g air-dried and sieved samples were placed in plastic vials and 20 mL of the working concentrations of Cd(NO 3 ) 2 and Pb(NO 3 ) 2 were added and tightly sealed with Teflon lined screw caps and mechanically agitated on a horizontal shaker, for 1 h at 120 rpm at room temperature (25 ± 1 °C). After equilibration, the vials were centrifuged at 3000 rpm for 30 min, allowed to settle and filtered via Whatmann110 mm filter paper into plastic vials, the filtrate were analyzed for Pb, and Cd equilibrium concentration. The influence of initial adsorbate concentration (50-250 mg/L), pH (3.0-11.0), temperature (303, 313, 323, 333, 343 K) and contact time (20, 30, 40, 50, 60 min) were studied. Samples were obtained from the vials at regular time intervals and analyzed for the amount of cadmium and lead remaining in solution by the AAS. The quantity of lead and cadmium ions removed (mg/g) by the tropical soils was determined by the equation described [29, 30] :
where qe (mg/g) is the uptake capacity of the tropical soils for cadmium and lead ions, Co (mg/L) is the cadmium and lead concentration present initially in solution, Ce (mg/L) is the residual amount after the adsorption process was carried out, m (g) is the mass of tropical soil adsorbents used and V (L) signifies the volume of solution used for the sorption process. The percentage sequestration of the heavy metals from solution on the tropical soils was evaluated from the given equation: Table 1 gives the mean and standard deviation of concentrations of cadmium (Cd) and lead (Pb) in tropical soil samples. The amount of cadmium in soil was present in the
Results and Discussion
Characterization of Soil Samples
Co − Ce Co range of 0.01-6.68 mg/kg, which is above WHO permissible limit of 1.0 mg/kg for some of the tropical soils. The mean concentration of Cd in soil samples is high because fertilizers are added regularly to soils to replenish N, K, P for crop growth especially phosphatic fertilizer which contains (2-200 mg/kg) of Cd. The concentration of Cd can be immobilized by increasing soil pH through addition of liming materials. The concentration of Pb in the samples ranged between 8.55 and 16.15 mg/kg. The permissible limit for lead (Pb) according to WHO standard is 10 mg/ kg. The high level of Pb was traced from application of agrochemicals, fungicides and pesticides like lead arsenate that are used at various stages of crop production.
The results of characterization of the tropical soil samples are given in Table 2 . They are classified as sandy loam and loamy sand soils. The organic matter content of the soil samples observed in five agricultural soils vary from 0.825 to 4.402% and adsorption occurs in soil with higher organic matter content. The clay particle content and cation exchange capacity are necessary to be evaluated as it provides better insights of sorption process. At high clay content, the surface of the soils provides active sites for cation exchange. Figure 1 showed the influence of solution pH on the percentage of Pb 2+ and Cd 2+ removed by Isu Aniocha soil samples. At low pH of solution, the sequestration percentage was low and increased with pH due to the electrostatic repulsion between Pb 2+ and Cd 2+ ion and the edge groups having positive charges (Si-OH 2+ ) on the adsorbents surface [31] .With solution acidity decrease, the adsorbent functional group become de-protonated leading to increase in the negative charge density on the adsorbent surface facilitating the binding of metal ions [32] . A sharp increase in adsorption was observed from pH 5 to 7 while maximum adsorption occurred from pH 9 to 11 for both Pb 2+ and Cd 2+ . The order of affinity of the metal ions on the soils is Pb 2+ > Cd 2+ . Similar observation has been reported [33] . Initial concentration of solution is capable of affecting the mass transfer resistance between metal ions and the soil adsorbents by providing a driving force to overcome this effect. The influence of initial metal ion concentration on the adsorption of Pb 2+ and Cd 2+ onto Isu Aniocha soil samples are shown in Fig. 2 . As the initial Pb 2+ and Cd 2+ concentration increased from 50 to 250 mg/L, adsorption efficiency of the soil samples for the metal ions decreased on all soil samples studied. The decrease in the percentage uptake is attributed to the saturation of the limited active sites of the tropical soil adsorbent with concentration increase [34] . On the other hand, an increase in the uptake capacity of the tropical soils with increase in cadmium and lead concentration was recorded. This is mainly attributed to the increase in driving force from increasing concentration which overcame the mass transfer resistance of lead and cadmium ions from solution to the surface of the adsorbents [22] . The affinity of the heavy metals for our utilized soils was in the order Pb 2+ > Cd 2+ for all the five samples. Similar trend was documented [35] .
Effect of Solution pH and Metal Concentration on Metal Ions Removal
Effect of Contact Time and Temperature
The uptake of lead (II) and Cadmium (II) ions on the tropical soils under the influence of contact time is shown in Fig. 3 . The sequestration rate was initially fast on all the soils and then became slower as the adsorption progressed until equilibrium was reached for both lead and cadmium ions. At this equilibrium point on the soil adsorbents there was no further removal of both heavy metals with increase in time. The equilibrium was attained after 60 min for the five tropical soil samples. The fast removal of both metal ions on the five adsorbents initially was due to the presence of abundant active sites on the soils. The abundant active sites were occupied as time progressed attaining saturation leading to no further sequestration [36] . The sorption was initially controlled by the rapid diffusion of lead and cadmium from the solution to the surface of the tropical soils. The variation in the rate of sequestration by the tropical agricultural soils could be attributed to the adsorption characteristics of the soils' constituents which can affect the active available sorption sites on the soils and consequently affect the mass transfer of the heavy metals from solution to the soil surfaces. Similar trend have also been reported [37, 38] . A plot showing the effect of varying temperature on adsorption of Pb (II) and Cd (II) by Isu Aniocha soils is presented in Fig. 4 . As temperature increased, a gradual increase in percentage of cadmium and lead sequestrated by the tropical soil samples was recorded. The increase in removal of both metal ions on the soils may be due to increase in collision of the metal ions with the soil adsorbents as temperature increases [39] . Temperature increase may result to increase in active adsorption sites on the tropical soil surfaces due to dissociation of some surface components and greater possession of kinetic energy by the adsorbate for better interaction with the tropical soil surfaces [40] . This increase in adsorption with temperature suggest feasible utilization of the soils for lead and cadmium sequestration in tropical regions where the temperatures could be high at times.
Adsorption Isotherms Application on Soil Adsorption Potential
Sorption isotherms help to provide insight on the relationship between adsorbent and adsorbate i.e the soils and metal ions. Equilibrium isotherm parameters obtained from the interaction of soils with Pb (II) and Cd (II) ions are given in Tables 3 and 4 . The Langmuir sorption was used in the adsorption process and expressed linearly as [41] :
where K L is related to the adsorption energy known as the Langmuir constant (L/mg), qe is the monolayer uptake capacity of the tropical soils (mg/g), q L is the maximum uptake monolayer capacity of the soils estimated from the model (mg/g). The linear plots of C e /q e versus C e showed Tables 3 and 4 . This is due to the hard-soft acid-base principle in which adsorption on the soils increases with increasing electronegativity and decreasing ionic radii and polarizability thus decreasing hardness. Similar trend have been documented [42] . The removal process is said to be linear (R L = 1), favorable (0 < R L < 1), irreversible (R L = 0) or unfavorable (R L > 1) [43] . Values of initial cadmium and lead concentration from 50 to 250 mg/L on the five tropical soils used, showed R L ranged from 0.03 to 0.34 showing good affinity of our topical soil adsorbents for lead and cadmium ions from aqueous media. The Freundlich isotherm model was used in its linear form as [44, 45] :
where n and K F (mg/g) (mg/L), are Freundlich model constants. The obtained parameter for regression coefficient (R 2 ) for Pb 2+ ion is 0.987 for Nodu soil and 0.962 for Ifite-isu soil sample which shows that the two soil samples gave a where B and A are the Tempkin model adsorption constants for removal on the soils, T and R are the absolute (5) qe = Bln A + Bln Ce temperature and ideal gas constants respectively. The values of the regression coefficient (R 2 ) in all the five studied soil samples vary from (0.917-0.950) for Pb 2+ ion and (0.783-0.982) for Cd 2+ ion which are lower than the Langmuir model and better than Freundlich model in some soil samples. Therefore this isotherm did not give best fit to the sorption of both metals on the five tropical samples studied and so was not further analyzed or discussed. 
Adsorption Kinetics Modeling
Kinetic modeling was performed by pseudo-first, intraparticle diffusion and pseudo-second order model [48] . The constant parameters are given in Tables 5 and 6 . Pseudofirst order equation was applied as given [49] : K I is the adsorption rate constant (min −1 ). Good fits were not provided by the pseudo-first order model for the
sequestration of cadmium and lead on the five tropical soils evaluated due to the low regression (R 2 ) values presented for the sorption process. The kinetics of pseudo-second order rate equation was given by Ho and Mckay [50] : K 2 represents the pseudo second order equation rate constant (g/mg min) and h (mg/g min) signifies the initial adsorption rate calculated from the given equation: From the table a good fit of the pseudo second order model for adsorption of lead and cadmium on the tropical soils was indicated by the high R 2 values obtained. The qe calculated values although higher were closer to the experimental values than the pseudo second order model which indicates further the suitability of the kinetic model for metal sorption on the tropical soils. This suggests that removal of both metal ions on the soils was through chemisorptions process [22] .
The intraparticle diffusion can be estimated by using the model equation to elaborate the diffusion mechanism of lead and cadmium on the tropical soils expressed as [36, 51] :
where I represent the intercept and K d denotes the rate constant of abstraction (mg/gmin 1/2 ). From the diffusion analysis it was observed from the R 2 that linear plots were achieved but deviated from the origin due to the occurrence of the intercept. This showed the involvement of intraparticle diffusion mechanism on lead and cadmium removal on the tropical soil. However the occureence of intercepts showed that surface mechanism (liquid film diffusion) was also involved in the overall sequestration process of the metal ions on the five tropical soils used.
Conclusion
This study investigated the feasibility of selected tropical soils of Isu Aniocha farming area used as eco-friendly adsorbents for cadmium and lead sequestration from aqua solution by batch sorption technique. Various impart factors such as solution initial heavy metal concentration, pH, temperature and contact time were evaluated for metal ions removal. The adsorption capacity of tropical soils for Pb 2+ and Cd 2+ as pH, contact time, concentrations and temperature increased. The order of sorption on the tropical soils was Pb (II) > Cd (II). The adsorption of Cd (II) and Pb (II) in all the soil samples gave good fit for the Langmuir model, showing the monolayer uptake capacity onto Isu Aniocha tropical soils. Although, NOD and IFTU soils gave better fit with the Freundlich model for Pb (II) depicting a heterogeneous multilayer removal on the soil surfaces. Pseudo-second order model was found to provide the best fit in the abstraction of both metal ions on the tropical soils studied. In addition, the intraparticle diffusion of the metal ions into micropores was not the sole rate controlling step. It is therefore suffices to conclude that Isu Aniocha tropical agricultural soils could serve as readily available, cheap, efficient adsorbent for the abstraction of Pb 2+ and Cd 2+ from contaminated waters. Also, the soils could serve as lining material under landfills for heavy metals adsorption in order to maintain safer ground water resources. The significance of the study is that the readily obtainable soil in Awka Nigeria can be utilized as potential adsorbent to treat heavy metal release from wastewaters into the environment thereby reducing the health effect of these metals to humans and ecosystems. 
